Abstract: A physio-chemical characterization of olive oil mill wastewater (OMW) obtained from a continuous two-phases olive oil extraction process is presented. High organic load of OMW from Ben Karrich region has been registered. The values of chemical oxygen demand (COD) and total phenolic compounds were 84.5 g of O2/L and 3.79 g/L, respectively. In this sense, a treatment using activated carbon as adsorbent was proposed. Results have shown high removal percentages in total phenolic compounds (98%) and COD (90%). The optimal operating conditions were 4 g of activated carbon and adsorbing time equal to 5 minutes.
Introduction
The olive tree constitutes the main fruit species planted in Morocco; it extends over a surface of 784.000 hectares, the national exploitations reach a production around 1.500.000 tons of olives. Morocco also produces 160.000 tons of olive oil 1 , 18% of this production is assured by the North region according to the Regional Agriculture Office of the region Tanger-Tétouan-Al Hoceima. Since the inauguration of the Green Plan in Morocco (GPM) in 2009. The region has experienced a significant increase regarding areas planted with an olive tree; it was extended from 98 600 ha in 2009 to approximately 200000 ha in 2017, furthermore the creation of 16 units of trituration of a daily production capacity oscillating between 20 and 60 tons 2 .
The production and the transformation of olives are generally assured by oil manufacture, which transforms olives into oil. This extraction engenders the production of two types of residues, the olivepomace and the OMW. The latter comes from the water added during the process of the extraction and that used in the wash and the vegetation of olives, and they cause a severe problem during their evacuation in the natural environment such as rivers. Receiving waters indeed become strongly charged in organic matter and pollutants and lose their capacity to auto-purify 3 .
The toxicity of OMW is essentially due to a long chain of free fatty acids and a high concentration of phenolic compounds (4 to 15 g/L).
The non-biodegradability of OMW is due to the phytotoxicity and antimicrobial effects of these products, hence the interest in a treatment that reduces their polluting 4 .
Various treatment processes of OMW were developed: physical, chemical and biological processes and a combined system. The current trends should pursue the integration of diverse, low-cost technologies for OMW treatment. This requires the production of an added value susceptible to cover the costs of the treatment. Consequently, the treatment of these OMW by adsorption seems to be the best technique due to its simplicity 5 
.
This work aims to characterize the OMW stemming from a modern olive oil extraction system, which operated using a Decanter with two-exits situated in Ben Karrich's region. Besides studying the treatment of OMW by adsorption on activated carbon to eliminate the phenolic compounds. The operating conditions also were studied and optimized.
Experimental

OMW origin
The used OMW were recovered from a modern olive oil extraction unit with a continuous two phased system located in the region of Ben Karrich (Tetouan Province -North of Morocco) Sampling was made in a different period of the agricultural season for 2 years: 2016-2017. The samples were collected in opaque glass bottles.
Adsorbent:
The adsorbing support used in this work is commercial activated carbon powder.
Methods
Physico-chemical analysis of OMW Except for total suspended solid (TSs) and total solid (TS) determination, before the determination of all physicochemical parameters, OMW samples were filtered under atmospheric pressure and settled using a separating funnel.
So the characterization of OMW was carried out as follow, and all parameters were analyzed three times:
To measure the pH, a multi-parameter analyze consort (L562) pH meter was used.
The total solid (TS) was measured by the standard methods of RODIER 6 .
The total suspended solid (TSs) was a determined using a filter with 0.45 µm pore diameter. After filtration, filter was dried in an oven at 105°C for 4h 7 , then TSs content was calculated by the filter's weight difference before and after filtration.
The chemical oxygen demand (COD) was determined using a photometric method based on the oxidation at 150°C of organic matter by an excess of potassium dichromate in an acid media in the presence of silver sulfate 8 . COD concentration was measured using photometer (AQUALYTIC COD VARIO).
The biological oxygen demand (BOD5) was determined by the respirometry method. An appropriate amount of sample was introduced in BOD bottles and settled in a thermostatic chamber at 20°C in the dark. The oxygen value was measured over 5 days.
Fats were extracted from OMW by chloroform and methanol; After an agitation followed by settling, the mixture was divided into two phases. The superior phase constituted by OMW and methanol was eliminated, while the lower phase containing the soluble chloroform and fats was evaporated in a rotary evaporator (Nahita, Rotary Evaporator 9200. Fats were calculated by weight difference 9 .
The phenolic compounds were quantified by the colorimetric method using the gallic acid as a standard. The absorbance was measured at 750 nm using uv-visible spectrophotometer varian cary 50 10 .
Total sugars were determined by colorimetric method, using the glucose as a standard at 488 nm. Orthophosphates were dosed using a colorimetric method based on the formation of antimonyphospahte-molybdate complex. The reduction of this complex using ascorbic acid leads to a strongly bluecolored compound 11 .
Calcium (Ca²⁺) and magnesium (Mg²⁺) ions were dosed by the volumetric titration method of EDTA 12 . Chlorides (Cl -) were dosed by the Mohr method 13 .
Adsorption experiences Since the adsorbing support used for the adsorption of the phenolic compounds of OMW is a commercial activated carbon, we realized a study of optimization of factors influencing the adsorption, to have a better efficiency while minimizing the costs. The parameters, which were studied, are contact time, pH, adsorbent concentration, temperature and agitation speed.
The adsorption of OMW using activated carbon was realized in standard conditions at ambient temperature and pressure in an orbital agitator (IKA KS 4000 I control).
In a series of 250 ml glass bottles, 100 ml of OMW diluted to 10 % with distilled water was added a certain mass of activated carbon, this solution is agitated permanently. At the end of this experience, this solution is filtered, and the phenolic compounds content of the substrate was determined by the colorimetric method 10 .
The equilibrium adsorption amount of phenol qe (mg/g) and the elimination percentage was calculated by the following expressions :
(1) (2) Were C0 and Ce are respectively the initial mass concentration and the mass concentration at equilibrium of the phenolic compounds (mg /L), V is the solution volume (L) and m is the mass of the activated carbon used (g). Table 1 represents the average values obtained from different physicochemical parameters of studied OMW.
Results and Discussion
Characterization of OMW
Table1. physicochemical parameters of OMW from a modern olive oil extraction unit.
The Table above indicates that the studied sample is acid effluents because of their pH value that was obtained in the order of 4,58. This value is similar to the one obtained by Mandi et al. 14 . The content in Total suspended solid is relatively low comparing it with the one obtained by Aissam et al. which is to 18 g/L 9 , This is due to the low water use during the olive oil extraction by the two phased centrifugation system 15 The rate of the total solid is similar to that obtained by Mandy et al. (56,75 g/L) 14 . The content of OMW with pollutants is expressed in terms of the chemical oxygen demand (COD) and The biological oxygen demand (BOD5) which are respectively in the order of 84,5 g/L and 15,75 g/L. Finally, the content in phenolic compounds is in the order of 3,43 g/L. This concentration could limit any natural biodegradation and consequently could lead to a more or less deep disturbance of the whole receiving ecosystem.
This high concentration of phenolic compounds could limit any natural biodegradation, and consequently, it causes a more or less deep perturbation of the entire receiving ecosystem. Therefore, why is it necessary to treat these effluents to eliminate the polyphenols that they contain and to facilitate their valorization.
Adsorption experiments
Optimization of factors influencing the adsorption Contact Time To study the contact time effect we fixed the following operating conditions: mass of carbon = 2 g, pH = 5 (pH of OMW after dilution), agitation speed=200 rpm, Volume = 100 ml and Ambient temperature. The results showed that we reached adsorption equilibrium after 5 min, This duration corresponds to the time required for attachment of phenolic compounds molecules that uses activated carbon, and that achieves saturation. This result is similar to those obtained by QADEER et al. 16 ; the latter has revealed that the phenols adsorption process on activated carbon reaches equilibrium after 5 min.
By comparing this equilibration time with that of N. Slimani (20 min) 17 who studied the adsorption of the phenolic compounds on activated carbon made by bones, we find that our adsorption rate is very fast. 
pH effect
The pH is an essential parameter to be taken into account during the adsorption processes. This parameter acts on the solubility as well as on the state of the adsorbent ionization. Athe wide pH range from 1 to 10 was studied while setting the following parameters: Volume of OMW 100 ml, mass of carbon = 4 g, agitation speed=200 rpm at ambient temperature. Acidic and basic pH is obtained firstly by addition of a hydrochloric acid solution (0,1 N) and secondly by addition of caustic soda solution (0,1N).
Figure 2. pH effect on the phenolic compounds adsorption of OMW using the activated carbon.
According to the above results, we see that the polyphenols elimination percentage is important for all acidic pHs. This percentage reaches a maximum that exceeds 98 % at pH=2. As a result, the passage from an acidic pH to a basic pH disadvantage the polyphenols retention, this is related to the conversion of the functional group charge of activated carbon as well as of the polyphenols molecules. When based on the pH and pKa value, when the pH of the solution is greater than pKa of the phenolic compounds (pH > pKa). The latter is in the form of phenolate ions (C6H5O-) they are negatively charged, and the functional groups at the surface of carbon are deprotonated and negatively charged. Resulting in repulsion and decreasing the adsorption capacity, whereas when the (pH<pKa) the phenolic compounds are in their neutral form. The interactions that occur between the aromatic compounds electrons and the carbon's surface by their adsorption 18, 19 .
Adsorbent rate effect
The operating conditions fixed to study the influence of adsorbent rate on the phenolic compounds adsorption are Volume of OMW 100 ml, the mass of carbon from 0,5g to 5g, pH 2, agitation speed = 200rpm, contact time 30min at ambient temperature. The Figure above shows that when we increase the activated carbon concentration from 10 to 50 g/L, the elimination percentage of the phenolic compounds increase from 65% to 98% for S/L 4g / 100ml, at the end of this concentration the adsorption is almost constant. These results may be explained in the following manner: for more adsorbing material quantity, more adsorption sites are available, so more polyphenols molecules can be attached to these sites. However, up to 40g/l of activated carbon concentration, the active sites number becomes constant 20 .
Agitation speed effect In order to study the influence of the agitation speed on the phenolic compounds adsorption, we fixed the following operating conditions: volume of OMW 100 ml, the mass of activated carbon 4g, and pH 2, contact time 30min at ambient temperature. 
Temperature effect
To determine the optimal temperature, which allows the best adsorption; studies have been carried out using a thermostatic orbital agitator to maintain the desired temperature (between 10°C and 50°C). The experiments were conducted by adding 4g of activated carbon to 100 ml of diluted OMW in 10 % at pH 2 and an agitation speed of 350 rpm. The Figure above shows a decrease of the polyphenols retention with the increase of temperature; this can be explained by the exothermic process of the adsorption and by the weak association between polyphenols and the active sites of the activated carbon 21 for higher temperatures. So, the best results concerning adsorption are obtained between 10 and 20 °C.
Conclusion
Physicochemical characterization of OMW obtained from two-phased modern olive oil extraction unit located in ben Karrich's region (Provence of Tétouan-North of Morocco) show that this kind of wastewater have an acidic pH, high content of total suspended solid, total solid, fats and Polyphenols.
